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Magnrtoaeter  profiles.  Gulf  of  Alaska,  statistical  and  model  studies 
polaritv  transitions. 


Deeply  towed  nartng  magnetoaeter  profiles  over  anomalies  10  and  9  in  the  Gulf 
of  Alaska,  and  number  10  off  California,  were  studied  for  correlation  of  short 
wavelength  (short  period)  features.  It  is  proposed  that  part  of  the  (dipole) 
secular  variation  spectrum  is  recorded  with  some  fidelity  during  sea  floor 
spreading.  Statistical  and  *iidc  1  studies  suggest  that  ti^ographic  effects  are 
not  significant  in  the  data  analyzed.  Agreement  between  profiles  degenerates 
at  periods  shorter  than  10^  years  (wavelengths  less  than  4  km)  and  coherence 
tests  suggest  that  a  linear  system  related  the  earth*s  field  andoccan^^crust^ 
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■agneti zation  only  at  periods  longer  than  this.  One  striking  observation 
is  that  the  polarity  transitions  to  anoaaly  10  are  very  shart  but  the 
anoaaly  9  transition  is  broad  and  cannot  easily  be  located  in  the  deep 
aagnetoaeter  profiles. 
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ANALYSIS  OS  OSSS  TOOBO  NACMmC  ANOMAIIBS  *  CSOISM 
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•f«C«  P.  LufwUyfc 

OMArOMat  of  GAolegtcAl  Sclaacct 
Oalvanttr  o#  UIlfotiUA.  tMit«  tetWr* 
tMta  luter*.  Callfoml*  tSlOA 


AVTBACr 

OMfIr  teawd  IBrlM  MfMtMWtar  frefllM  »v»r 
"1 — •*"  10  Md  9  ia  tM  Oalf  of  AImIs.  and  atabar 
10  off  Callfoialo,  voro  stadlod  for  cotrolatlee  of 
■iMrt  vavolaaftb  (abort  forlod)  foaturoa.  It  la 
propoaod  that  pmrt  of  tbo  (dlpola)  aocular  vorlatloa 
a9octnai  la  rocordod  alth  aoaa  fldolltjr  durUf  aoa 
floor  tproodlag.  Statlatlcal  and  aodal  atodUa 
fufftat  that  topographic  affocta  ara  not  aignlficant 
la  tha  data  aaaljraad.  AgroaMot  battaan  ^proftlaa 
daganarataa  at  parloda  ahortar  than  10  yaara 
(aaaalanftha  laaa  than  4  la)  and  ceharanca  taata 
ai^gaat  that  a  linaar  ayataa  raiataa  tha  aarth'a  flald 
and  ocaan  craaat  oagnatltatien  only  at  parioda  longar 
than  thta.  On#  atrlklng  obaaraatlon  ia  that  tha 
polarity  tranaitiena  to  anoaaly  10  ara  aary  aharp  but 
tha  anoaaly  9  tranaition  la  broad  and  cannot  aaaily  ba 
locatod  in  tha  daap  oagnatoaotor  profllaa. 


nmsosE 

Sot  oora  than  tan  yaara  oagnateoattr  profllaa  ha»a  baati  takan  orar  aaa  floor 
apraadlng  oagnatic  anoaaliaa  oalng  tha  daaply  toaad  inatnaant  packaga  of  tha  Scrlppa 
Inatltutlon  of  Ocaanography  (Splaaa  and  Tyco,  1971).  TYiaaa  anaoaliaa  Kara  mich  oora 
ipactral  anargy  in  ahortar  aaaalangtht  than  aquivalant  profllaa  takan  on  tha  ocaan 
turfaca.  Thay  ha*a  alao  baan  ahoan  to  bo  tao-dloanalonal  (Luyandyk  at  al.,  196i). 
TTiaaa  ahort-aaralangth  anoaallaa  ara  dua  to  aithar,  or  a  coMbinatlon  of,  topographic 
affacta  (Ataatar  and  Nbdia.  1971),  flald  rovaraala  (Luyandyk  at  al..  1964;  Kiltgord  at 
tl.,  1971),  patrologic  aarlatlona  (Luyandyk  at  al.,  1969),  or  aocular  variation  racordad 
In  tha  cruat  (Luyandyk,  1909,  Laraon  at  al.,  1974;  Candia  and  Latrac«)ua,  1974). 

Tha  oora  controvaralal  Intarpratation  haa  baan  that  part  of  tha  apactrta  of  tha 
ftald  aatsurad  cloaa  to  tha  aaa  floor  rapraaanta  aocular  variation,  *001  llkolv  of  tha 
dlpola  intanaity  a|fh  a  period  of  aboat  10  to  10  yaara  (Laraon  and  Splaaa,  1969; 
luyandyk,  1969).  Secular  variation  of  thla  typa  la  a  global  phanowanon  Ilka  flald 
ravaraala,  aharaaa  non-dipola  variation,  topographic  affacta  and  variation  In  rock 
oagnatic  propartlaa  ara  IILaly  to  ba  local.  Tharafora,  a  taat  of  idiathar  dlpola  aocular 
variation  ia  racordad  uould  ba  to  davonatrata  that  t^  anna  abort -r^valangth  anooailaa 
ara  aaan  aithln  tha  aaaa  revaraal  anoaaly  froa  uldaly  aeparatad  localltlaa. 

Ovar  tha  yaara  1967  to  1970  daap  aagnatoaatar  profllaa  uara  collactad  ovar 
aagnatic  anoaaly  10  (about  10  allllon  yaara  old)  at  t*o  localltlaa  in  tha  rtorthaaat 
Sacific  (Sigura  1).  Tha  aagnatic  profllaa  obtainad  ahouad  auggaativa  ahort-uava length 
corral  at  Iona. 

In  thla  report,  atatlatlcal  and  Invaralon  analyaaa  are  parforaad  on  tha  data  to 
taat  tha  validity  and  character  of  thaaa  corralatlona. 
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nru/v  J.  tmttil  ot  4mp 
torn  otmr  anoaaiir  10  mO 
t  im  attOml/  ot  Umto. 
Oolorlpt  OnmOarioo  oto 
from  omrfoao 
otor  proftioo. 


pieiD  mmu 

Ooop  MfMtaMtvr  ton  oror  ■wntly  10  (Hairtilvr  *t  •!.,  1060)  woro  mod*  off 
»otith*ni  CallfomU  AtrUf  1*67  o«  cnUt*  TO*  TK)  It  (T-H?).  and  ta  tJM  Ottlf  of  Alaaka 
In  1970  on  aipadition  SEVCN  TOt  (7  TOV;  Spltat  at  al . ,  1970;  aaa  91g«rt  1). 

On  axpaditlon  7  TOK,  t«o  long  aaat-«a»t  proftla*  anr*  takan  oror  anoaaly  10  and 
9.  Tha*a  tao  profila*  nr*  (aparatad  hy  about  I6S  k»  In  tka  along  atrlka  (north -aoutk) 
dlrattlon.  Iba  nortbarly  profila  la  donetad  10-1  and  la  IIS  kn  long  ahlla  tka  aowtkani 
ona  la  danotad  10-2  and  la  12$  kn  long  (9igura  2).  boaidaa  tka  daap  nagnatonatar,  a 
lurfaca  nagnatonatar  ana  toaad  aa  wall  at  an  alrgun.  Hoflaction  racorda  ara  avatlakla 
for  half  of  10-1  and  all  of  10-2. 

(ipadition  T-It2  ana  la  an  araa  of  akyaaal  hllla  off  aoutkani  California 
(Luyandyk,  1970).  A  clotaly  tpacad  avnray  ant  nada  ovar  tka  yowigar  poaltlaa  paak  of 
anonaly  10. 


DATA  ANAirSCS 


Gulf  of  Alaaka  -  7  W 


All  aklp  naalgatlon  oat  aatalllta  controllad.  Tka  potltloa  of  tka  daap 
nagnatonatar  flak  ralatlaa  to  tka  aklp  aaa  ralcalatad  aaing  progran  9911  by  knoalng  tka 
akip  potltloa  and  coorta,  tka  pert-atarkoard  aim  angla,  and  tka  tiant  rai^  to  tka  flak 
and  flak  daptb. 

Tina  aarlaa  of  tka  total  nagnotlc  flold,  botk  at  aorfaco  and  at  daptk,  nori- 
nrrgad  aitk. navigation  aaing  progran  CAIOI  fron  boitdt  Hola  Ocaanegrapklc  Inatitutlon, 
akick  alto  ranovad  tka  tCM  for  199$.  Tka  anonaly  data  am  akoan  In  9lguraa  2  and  la, 
b.  Tka  nagnatonatar  path  aaa  nalnly  a  laml  flight  during  both  pmfilaa  and  ana  aa 
avamgo  of  $00  notam  or  nom  abova  baaanont. 
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ll«vr»  1.  (at  magnmtommtmr  data  takan  ai  profita  tO-l  fnorOiatn  7  TTV  track  in  Bp.  1). 
teatiatf  citrwa  /a  aatfaaa  ■aanatoartar  data  and  tita  aoliB  curaa  ia  dan/>  mapnatamftmr 
data.  Sota  tTiaaa  data  ar«  plottaB  at  di  ffarant  aoaiaa.  7f»  dottadad  rurva  la  tha  path 
of  tha  Baap  maanatomatar.  TTaa  acomtlc  baaaamnt  IntarprataB  from  al  rvun  racorda  la 
aAcvn  atippiad  banaath  tha  aaabad.  (h)  Bagnatamatar  data  takan  on  prof  I  la  lO-l 
laoatham  7  m  track  in  By.  21. 


1%  11  SiOS 


Lu)r«n4yk 


To  ^rforo  corrolotlon  ttndiot  of  tiM  onaaoljr  profiloi  it  voi  nocoooary  to  roduco 
•II  aagnotlc  data  to  laologic  tlw  by  corroctlon  for  tbo  aproadini  rata.  TTia  tlao  acala 
of  Halrttlar  ot  al.  (1961)  oat  usod.  Tha  doap  aafnatosatar  profilat  oara  inipoctod  for 
ravarsal  botxdariat  and  tha  ipraadlni  rota  batoaan  tbaaa  point*  datanainad.  Tha  ratult* 
•ra  shown  in  Tabla  I.  Tha  sproading  rota*  batwoon  tha  two  profila*  show  tha  groatast 
disparity  at  tha  bagianing*  and  attd*  of  tha  profilo*.  At  tha  jroungar  ond  of  both,  tba 
rata*  oara  adjustad  so  as  to  corralata  tha  two  short  waralangth  anoaalias  saan  in  both 
profilat.  It  should  ba  strossad  that  this  of  coursa,  is  forcing  tha  corralation,  but  it 
taaaad  Intuitlaa  to  allow  this.  Tha  rasult  affocts  only  lOA  of  tha  profila  langth  at 
any  rota.  At  tha  oldar  ands  of  tha  prof! las  a  proainant  nagativa  dip  saan  on  both 
proflia*  was  corralatad.  Tha  aga  of  this  nagativo  (S2.7S  a.y.)  was  dataminod  by 
attuning  a  4.0  cy/yr  tpraading  rota  baforo  aiMaaly  10  in  profila  lO-l.  Onca  tha 
tpraading  ratat  wara  dataminod,  tha  anoaalias  war*  raducad  to  gaologic  tiaa  using 
progrta  MACTVf,  atttaing  aast-wast  sproading.  figura  4  shows  profilos  10-1  and  10-2 
varsut  tiaa,  along  with  tiailar  profilat  froa  tha  T-lt2  Uiyondyi  Hills  araa  (ditcussad 
latar). 


To  conduct  tiaa  tariat  analyoat  it  was  nacassary  to  intarpolata  tha  profilat  to 
aqual  intarralt  of  tiaa.  A  tiaa  Intarval  of  1000  yoar*  was  saloctod  and  tha  profilat 
intarpplatad  using  prograa  tiptAC.  Tha  Ny^itt  fro^uancy  is  thus  .OOOS  cyt/yaar  (or  SO 
cjrc/lO*  yr). 

Tiaa  tariat  analysis  was  dona  at  MOT  using  tha  TTSISAH  systaa  with  atsoclatod 
prograa*  (Hunt,  1977).  bafora  parfomlng  tha  analysis,  tha  racord  taction  corraspondlng 
to  tha  aagnatic  tlgnstuto  of  •  taaaount  In  profila  10-1  was  raaovad  froa  both  profilo* 
lO-l  and  10-2.  This  corratpondt  to  tha  tiaa  intarwal  froa  about  SI. OS  to  Sl.SS  a.y. 


"  rur*  4.  t»*p  •mgnttomrfT  profiln  taJtfn  ormT  ancm»li»t 
JO  anO  *  in  tA»  Oalf  ef  Alaaka  (10~1,  JO‘2>  and  oft 
aoot>»n»  California  fr~tIM,  T>-J/Si,  cT>rr»rt*d  to  gaologie 
titm  by  aiiovancv  for  aproading  rata  fPabJaa  J  and  t. 
locattonr  ara  attorn  in  flour*  J. 
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r>9ur»  •.  Potimr  tpmctrim  of  profllo 
10~1  (with  oquiraJont  timm  for 
•oamoisnt  in  JO-J  romtrroi) ,  tamm 
Oaoroor  of  froadom  and  confidanaa 
Umita  aa  fiovra  5. 


5.  Pamr  apactrum  of  prof  1  la 
10-1  (ttltlt  aaaatoant  ramoimdi  aaa 
tmat).  Mach  Mtiaae*  haa  n  •  4 
dapraaa  of  fraadam  and  tha  raaolation 
bandaidth  la  0,09)  e.p,  10^  pr.  tha 
paroant  aonfldanoa  limita  arm  at 
$.24  tit)  and  0.JM  tlf)  (aaa  Otnaa 
and  Maoohaoat.  1979).  tatlaataa  ata 
groapad  abo<m  f  •  3.7  c.p.  lOr  pr 
ao  tAat  n  approachaa  20. 
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Th*  first  anal/sit  ttsp  wst  cslculatton  of  powvr  spactra  to  Idantlfy  prMtinant 
haraonics  and  to  sstabllsh  backfround  nolss  Isvtlt.  fovrr  tpactra  of  both  profilas  10>] 
and  10-2  (flfurot  S  and  6)  sho*  aott  anargy  concantratad  In  parlods  longar  than  10^ 
jraars  (ca.  4  ka)  with  a  sharp  dacraasa  at  highar  fraquancias.  A  noUa  lava^  Is  not 
apparant  at  hlghar  fta<)uanctas.  Vary  possibly  thara  Is  a  paah  at  O.S  a  10  yaars 
rslatad  to  tha  O.S  a.y.  langth  of  anoaaly  10. 

A  poaar  spacina  In  aavantabsr  spsct  ass  calculstad  for  tha  anoaaly  aagilltuda 
varsus  dlstanca  In  profila  10-2  (Figura  7;  calculatad  within  tha  Invarslon  procass 
dascrlbad  baloa).  A  paak  cantarcd  at  20. S  ka  Is  dut  to  tha  ravarsals  althin  anoaaly  10; 
paaki  at  S.12  and  7.S2  ka  ara  asaociatad  alth  tha  short  aavalangth  anoasllas 
svparl^osad  opon  tha  ravarsal  pattam  (saa  Flgura  5b). 

A  alaaal  coaparlson  of  tha  anoaaly  profilas  In  Flgura  4  suggasts  aavaral 
earralatloaa.  Tha  loa  at  51.9  a.y.  and  paaks  at  51.$.  51.6,  51.9,  52.0,  and  52.1  a.y. 
althla  anoaaly  10  ara  particularly  apparant.  Hoasrar,  tha  aya  Is  stgnflcaatly 
Inflaaacad  by  tha  "s^uara-anra”  appaarancs  of  anoaaly  10.  Far  this  rtaaon  tha  tlaa 
sarlaa  wars  band-pass  flltorad  to  rsacas  tha  s^tMra-aaaa  doa  to  tha  raaarsal  botaidarlas. 
Tha  flltars  uaad  aara  tha  sacoad  dagraa  racurataa  flltars  Fj  dascrlbad  by  McCullogh 
(1969)  tad  Stallings  (1966).  Tha  band-pass  transfar  function  Is  shoan  In  Flgura  9. 
a^o.*'^  aolsa  aas  also  band-passad  through  this  transfar  fimctlon  to  tast  for  ringing 


1  LIMC  10-2 


cunt  <  fotui 


/■JOura  7.  '.Tutmoothmd  pca»r  spacers  of  proflj#  10-2  jn  spstjsi 
d:aans!ons  ikmm).  Confidanca  Jisuts  (9i  pmromnti  ara  at 
W.5  Sin  and  0.171  Slf). 
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^i«UT«  •.  Wfiitm  noiM  btna-p*0»»d  through  trgnMfmr  functioi  In 
ri«ur>  «.  Su0tgi»  intmrrol  tm  1000  gourm  and  atandard  danation 
of  tJta  noiaa  ia  iOO  nT. 


tffvcti  (Ftfur*  9).  Th*  p*«*-b«n<)  1>  •ff»cliv«i)r  bctMMi  pvrtodt  of  2  i  10  and  7  «  10* 
jroari  (ca.  I  ka  to  0.9  ka) .  Th*  r«talttnf  filttrod  ••rtai  (Tl|ur*  10)  thoa  toa* 
(triklng  corrolatloni  Noit  of  th*  corrolatloni  vlilbl*  on  th*  unfllttrod  profllot 
(Ftgur*  4)  carry  through  on  th*  fllt*ro<t  t*rl*t  In  a^ltion,  ramoval  of  long 
«tv*l*ngth  trond*  rovoali  corralatlon*  b«to**n  iO.i  and  Sl.O  a.y.  Sow  and  affacti  ar* 
llkaly  as  th*  Input  t*rl*t  aor*  not  laparad. 
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H-  M^TWfCM»(«r  profit#*  frtw  f.*!*  /4/y»Ad^J^  Viii#  «r*« 

onto  •••t-w»«t  llw.  TTwa  Mrr  profl2»B  Afimlvw^d  ^•Jav  «r9 
e.^i^  nurt<*«mJK>#f  <«M  a/*4  on»  immdiMtmty  Om  ncrtJmstt 

f  rAn«;!r>'x1br«  •«>(/)  of  pfT>fii#*  canfin<j*  •««t  for  About  10  ka« . 
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riTura  14.  naanatie  antmata  dua  to  uni  fomly  napnatlaad  kaaaaant 
ropooraptiy  for  a  luyfandvli  Hltta  prof  i  la  inainiy  prof  I  la  t  In  ftp 
a  laiifornjy  naynatiaad  iO.OJ  cya.  10  Jtmp/m)  O.S  fti  loawtar-tAi  eft 
iayar  la  aatuaad. 


SIO  M*f«r«nca  7t-20 


T****  dat<  «r*r*  ori(ln«ll)r  takm  in  bnfor*  lataillt*  navigation  wma 

atatlaMv  ai-card  SIO  »Mp>.  Coft(»<tu«nt  ly,  »o»X  of  tha  navigation  la  a  coatilnation  of 
bott  '*  trar.apondvT.  LOilAb  fliaa,  and  daad  racionlng.  Two  long  profllai  war*  talattad 
froo  tbf  data  ba«a  for  towparlaon  «ltb  tha  T  TOO  data  Thaaa  ara  profila«  A  and  I  plua 
C  in  riri-ta  ]l  and  ara  datlgnatad  T-JIb  and  T-IIS.  Thay  run  froa  tha  cantar  (ravaraad 
portion'  of  anoaaly  10  aaat  tovarda  anoaaaly  9  ter  about  4S  ka  (Pigura  17).  Tba  profllaa 
ara  laparatad  frca  ona  anolHar  by  II  in  along  atrlKa,  and  by  16  dagraaa  (ca.  1700  ka) 
Iron  tbr  Culf  of  Alaaka  profllaa  (lO-l  and  10-7).  Tha  1-117  aagnafic  profllaa  warn 
raJw.-ad  to  gaologlr  llaa  according  to  tha  apraading  rataa  in  Tabla  7,  Larga 
dia  rapa.a.'taa  In  rata  appaar  at  tha  youngar  (aaat)  an<l  Thia  la  dua  to  a  conacloua 
affort  I.  Batch  Bavalangtha  on  tha  tire  profllaa.  Thla  waa  nacaaairy  bacauaa  a  claar 
rav'raal  Hnundary  oaa  not  found  to  aatahliah  a  young  control  point  At  tha  oldar  and 
tha  ralat  ara  dataralnad  bv  tha  youngaat  adga  of  ancaaaly  10  and  by  tha  ravaraal  within 
tha  ano«aly  naar  Jl*  B.y. 

Tha  apactral  charac tarl at ic a  of  tha  T-I17  tlBa  aariaa  profllaa  (Flgura  IJ)  arj 
tla:lar  to  tha  Gulf  of  Alaaka  aatiBataa  iloat  anargy  ia  in  parloda  longar  than  10 
yaira.  It  ahould  alao  ba  •a'ntionad  that  tha  T-117  profllaa  wara  takan  about  100  Batara 

or  lata  ahnva  batmant  and  thut  ahow  Bora  anargy  at  highar  fraqtianclai  than  tha  7  TO* 

data 

TVa  Bagnatlc  profllaa  In  tha  luyandyk  HUla  ragion  wara  toBblnad  to  produca  a 
coaipoalta  proflla  athlch  containad  tha  Boat  ahort-wavalangth  anoaaly  infonaalion  (takan 
with  augnat.iBatar  cloia  to  botloB).  Thla  proflla  waa  analytad  for  tha  contribution  of 
haaaBant  topography  to  tha  anoBaly.  Tha  batauant  topography  waa  datarolnad  by  alrgun 
raflactlon  and  tha  J.S  kMt  ayttaB  on  tha  flah.  Tha  Bagnatic  anonaly  dua  to  baaoBont 
topography  waa  than  calculatad  uaing  pmgraa  HAGtyh  from  SIO.  Tha  Bagnatic  lavar  waa 
aattaaad  O.S  ka  thick  and  wagnatlsad  with  70  Ajip/B  or  0.07  cga  affactlva  auacapt  Ibl  1  Ity 
(about  10  or  0.01  Bagnat  I  tat  ion) .  Topographic  anoauillaa  (Flgura  14)  ara  auggaatad  at 
aavaral  placat  along  tha  proflla,  but  it  can  ganarally  ba  aaan  that  tha  aajor  anoBalla* 
(longar  wavalangth)  ara  not  topographical ly  rauaad. 


II 


Luytndyli 


CohTnc*  StvidU*  of  Outf  of  *lMt»  D«t> 

Til*  coh«r«nc«  two  ••rU«  1»  aiMloiaut  to  tfc«  osuaro  of  tko  coiroUtlon 

coofftclont  botwoon  tho  •orito  (bondat  and  ftoroo).  IMd).  It  la  alae  daftaad  at 
dltcrota  fro^nctaa.  for  a  llaaar  arataa  Mch  aa 


a(t)  •  h(t)  •  r(t) 


lh«  cobaroncr  It  dafinad  as 


(f)  •  (» 

*y  Vy 

0  «  t*  (f)  «  I. 

«r 

■hara  i  U  tba  Input,  h  la  tha  tranafar  Aatctlon.  and  y  la  tko  output.  S  la 
tha  crota  apactruB  bataaan  i  and  y  and  S^,  ara  peuar  apactra. 

For  tha  tdaal  ilnaar  ayatau  tha  coharanca  la  Idantlcally  ona.  If  It  la  (raatar 
than  taro  and  laaa  than  ona,  than  ona  or  nora  of  tha  fol loving  oalat  (iandat  and 
fiartol,  IM>6) 

1}  aitranaous  nolaa  la  praaant  In  tha  nasauraaanta  (input 
or  output). 

2)  tha  ayatan  ralatlng  a  and  y  la  not  Ilnaar. 

3)  y(t)  la  an  output  dua  to  an  Input  i(t)  aa  aall  aa  to 
othar  inputa, 

Tha  aarth’a  nagnatic  flald  la  racordad  In  tha  ocaan  croat  during  aaa  floor 
ipraading.  If  vr  attvaaa  that  this  can  ha  aodallad  aa  a  Ilnaar  ayatan  (aaa  Schoutan  and 
McCany,  1972),  than  a(t)  la  tha  aarth'a  flald,  h(t)  la  tha  tranafar  fimctlon  of  tha 
apraading  procaaa  and  nagnati tatlen  gaonatry,  and  y(t)  la  tha  aaaaurad  nagnatic 
anonaly. 

For  tha  profllaa  10-1,  10-7,  aaauna  that  tha  input  flald  i(t)  was  tha  Sana  but 

tha  tranafar  f«S)ctlona  and  output  anonaltaa  ara  diffarant; 

s(t)  •  h,(t)  •  y,(t)  (2) 

i(t)  ♦  hjlt)  •  yj(t) 

In  calculating  tha  coharanca  batvaan  y^  and  y^,  anothar  tranafar  ftoictlon  Is 
aatvaad,  by  daflnltlon 

Fl  «  h,  -  Fj  (« 


*F,'* 


Thta  tranafar  function  has  no  Inaadiata  physical  naaning,  but  It  la  ralatad  to  hj 


and  h^  aa  la  ahovn  balov. 
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nir  coharatKt  and  pKaat  aar*  caiculaiad  bataaaa  profllat  10-1  and  10-2  ualag 
prograa  TliSAn.  Til*  cokaraac*  la  tka  prograa  Is  calculatad  aa  tka  a^uara  root  of  tka 
cohtianca  function  abova 


a  glvan  fra^uancx  la 


Tka  calculatad  cokaranca  aad  fdMaa  angla  daganarata  kaleu  a  parlod  of  10  foara 
or  a  aaaalangth  of  4  ka  (flgura  IS).  la  tka  calcalattan  a  cokaranca  of  0.1  kaa  a  tS 
parcaat  prokakilltf  of  kalag  grooiar  tkan  or  ogual  to  a  tina  cokaranca  of  O.S  (aoa 
caption),  fron  tha  calculation  oa  can  propoaa  tkat  lO-l  and  10-2  ara  cokaront  for 
parlodf  longer  than  10*  foari  and  Incokaront  for  akortar  porioda. 


froa  tha  dlacuation  akora  no  can  flrat  conclude  that  ana  of  tka  tkroa  liatod 
raatoni  asplalai  irilf  <1.  Put  okat  dooa  It  tell  ua  about  tka  proaiaod  llnoar 

apatan  katvaan  a  (aartk*a  field)  aad  p  (anoaalp  field  of  lO-l  aad  10-2)t 

■a  can  caablna  apataM  in  eiproaalona  (2)  and  (S)  above  and  conaldar 
again  p  aa  Input  aad  p,  at  output.  In  tkia  caaa  taka  Pj  •  m  Input  to  tka  left 
(kackwaria)  Into  tha  Infaraa  of  h  to  produce  a  (a.)  aa  output.  A  loilt  tronafar 
fvatctlon  trtth  no  pkaaa  ahlft  0>*)  tonnacta  "a."  and  “aj";  a^  la  tkan  Input  to 
h.  to  give  p,  aa  output.  Tkla  fehaua  la  vrlttaA  aa: 


lltuda  dittortlon,  l.e..  H 


Pipuro  25.  Ooharanc*  and 

phaaa  aatinato*  katvaan 

protil»»  JO- 2  and  2  0-2. 
Caoh  aacinaca  kaa  a 
dkpraaa  of  Praadon.  2/ 
tha  aatjnatad  aah»nnam 
ia  ^O.f,  than  tha  trot 
ooharanca  ia  ^0.5  at  tha 
as  parcont  onnPidanca 
JaaaJ  fprndac  and 
PiaraoJ,  JOfej . 


FREQUENCY,  CYCLES  / 10®  YEARS 


Uix«n4rk 


S«(6*tltttt«  tki(  lute  tJi*  vjiprcfalon  tor  V.}  1"  •quatlw  (4); 


^  'y,!* 

T—f - 

>'1  >^2 


u  *  K 

,2  .illiL  J1 

>'.2  |H,|> 


.1 


It  It  •^ualtr  valid  to  contidar  altarMtivaljr  y-  at  Input  and  p.  aa  output. 
Ttia  ratult  It  that  the  nuaaratqrt  and  danonlnatort  ar#  Intar'Chanpad  In  ifuatlon  (10) 
for  t  fj..  In  thla  cat#  If  t  p..  <  l.ua  obtain  tba  Invalid  raault  tbat  ^  p..  >  1  (or 
vlca-wfla).  Thlt  naant  that  tlMa  p  t  1  aluapi,  aquatlona  10  and  II  ara  Mip  trua 
for  T*  ■  I.  Alto,  If  h.(t)  doat  net  oaltt.  that  la.  If  i  In  tba  flrat  caaa  dlffara 
froo  a  In  the  tacond  caia  dua  to  nolaa  In  ona  or  tba  othar,  than  aquation  (7)  and 
halo*  do  not  held  tinea  a  linear  tpttan  doat  net  ralata  p.  and  p..  Equation  (11)  It 
the  ratio  of  the  convolution  thaoran  applied  to  prefllai'  10-1  aM  10-2  for  the  caaa 
■hare  S  It  Invariant  and  nolaa  free  and  onlp  when  y  m  l.  Tbarefera  tba  ratio  of 
the  tranffar  Anictlont  can  ha  fotaid  vhara  theta  condltlont  ara  net. 

Equation  (9)  thoui  that  the  coharanca  batuaan  the  mtputt  p.  and  p.  (anewalp 
lO-l  and  10-2)  It  related  to  tha  trantfar  ftmctlont  bataaan  the  iarth't  fltld  and  the 
ratpactlva  anouallat.  Than  for  p*  <  of  tha  three  above  explanatlont  applp  to 
tha  tpttau  llnklni  tha  aarth't  field  and  tha  anouallat.  Intultivalp.  tba  nott  llkalp 
cautat  of  *  1  aould  be  noli#  In  tba  anouallat  Introduced  bp  nolaa  In  tha 
angnatltatlon  recorded  In  tha  tpreadlng  procatt.  bacaota  p  approachat  ona  for  pariodt 
onlp  (raatar  than  10  peart  In  tha  anoualp  lO-l,  10-2  calculatlont.  It  appaart  that  a 
loo  aolta  linear  tpttM  onlp  ailttt  for  pariodt  longer  than  tbit. 

HaOtTriXATlON  POP  OJLP  OF  ALASKA  FtOFILES 

The  nagnatlc  anoualp  profllat  10-1  and  10-2  oara  Inverted  uaing  the  uathed  of 
Parker  and  Huattit  (1974)  In  order  to  Invattigate  correlation  batuean  cruttal 
■agnatltatlon  for  tha  tvo  profllat.  For  thit  procedure  tha  acouttic  bateumt  reflection 
tloe  frou  the  alrgui  profllet  vat  dlgltlted  at  breakt  In  tlope.  An  attaopt  vat  uada  to 
Introduce  tharp  corner*  vhara  reflection  hyperbolae  appeared.  Unfortunatelp,  the  alrgun 
oat  Inoperative  for  half  of  profile  10-1,  and  betidet  thlt.  a  ttronglp  uagnatltod 
taauotait  vat  ancotaitered  70  kllouetart  Into  tba  profile  (Figure  Sa).  Tbut. 
nagnetltation  tolutlon*  for  lO-l  cannot  bo  ftillp  co^arad  vlth  that  for  the  longer 


preflU  10-2.  Aftvr  dlgltlutioa,  r»n*ctloa  ttiMa  var*  can\ 
bMMth  thr  MgnvtoMtar,  or  ftah.  kp  ••Ming  •  •oiatd  cpood  of  1! 
•  grsdlont  of  1.0  foc*'  In  tho  •odlaant.  1lM»o  aro  tko  doptlu  aln 
17. 

Th«  aagnotlc  ftold  and  tho  basoaont  dopth  bonaath  tha 
tntorpolatod  at  an  Intarval  of  200  aator*  for  tha  Invaralon.  I 
Moro  coaputod  for  a  I  ka- thick  aagnotltod  lapor.  baforo  Invar* 
aara  band-pat*  flltarad  to  Innira  ttabllltp  In  tha  tolu' 
•ognotitatlon  tolutlont  (flgurat  Id  and  17)  faithfullp  alalc  tha 
Mgnatlc  flaldt  (Flgarat  Sa,  b).  ThU  daaonatrata*  that  vary  llt< 
•ra  pratani  la  tha  obtarvad  flalds.  Parthar,  tha  aagnatltatlon 


ripiu*  Id.  Maynatic  liumnion 
atudv  (Pmrkar  and  Bmatlt, 
Jt7dl  tor  tha  anoaMiy  in 
protilo  10- 1  (Tip.  la)  vhioh 
haa  aaiaalc  nofiaction  data. 
Hio  portion  ot  tha  aoiutian 
•ffactod  by  a  aaaaount  la 
•hoMt  dot  tad.  tayar  thiohnaaa 
ia  aaaiawd  to  ha  orm  ki  lomrtor 


af#«ai4.aT0n 


chuST  naan 


aiiOMCTins 


ai^oM  not 


aaanotir  iniwralan  atady  for  tha  anonaly  profiJa  10-1 
(rip. 


Luyvndvk 


m  aoat  drsMtlc  r«sult  of  this  wialr*!*  !•  th*  (harp  polarity  trantltiont  iMilch 
dtflnt  anoMty  10  In  contrast  to  tha  vary  vaakly  daflnad  polarity  bowdary  of  aitoaaly  t. 
This  Is  also  avidmt  In  tha  nagnatlc  flald  data  (Flguras  Sa,  b).  Haro,  althouph  anoMly 
9  Is  aall-dafinad  In  tha  nagnatlc  anoaaly  naasurad  at  tha  saa  turfaca,  tha  anoaaly  flald 
■atsurad  at  dapth  shoos  no  obvious  transition.  A  lltaral  Intarpratatlon  of  tha 
w(natliatlon  solutions  o.nild  Indicata  that  a  mabar  of  short  parlod  ravarsals  nark  tha 
oldar  anoMly  9  transition.  Tha  fact  that  this  affact  Is  saan  In  both  prefllas 
tndicatas  that  It  Is  llkaly  a  palaoaagnatic  flald  phanoaana  rathar  than  a  (oologlc 
affact . 


Fron  tha  crustal  nagnatliatlon  solutions  shaun  la  Flguras  16  and  17,  polarity 
transition  otdths  can  ba  naasurad  using  tha  crltarla  of  Macdonald  (1077).  This  width  Is 
asutvalant  to  tha  total  width  of  tha  crustal  accretion  sona  wkara  00  parcant  of  tha 
aagnatitad  crust  Is  anplacad  (Atwatar  and  Mudla,  I07S;  Macdonald,  1077).  Tha  widths 
vary  fron  1.31  ka  to  S.l  kn  with  a  nadlan  of  3.0  ka  (Tabla  4).  This  width  Is  aach 
larger  than  tha  1.4  ha  width  datamlnad  for  tha  hast  Pacific  Rlsa  at  21  N  latitude 
(itacdonald  at  al.,  1979).  Tha  results  haiv  are  In  part  biased  to  larger 
Midtht  because  tha  low-pass  cut-off  Is  In  fact  1.2  to  2.44  ka  (Tabla  3).  thus  tha 
widths  could  ba  narrowar. 

because  profile  10-1  only  has  a  limited  length  of  aagnatltatlon  solution,  slallar 
short  wavelength  aagnatltatlon  variations  cannot  affectively  ba  searched  for  between 
profiles  lO-l  and  10-2.  Soaa  correlation  could  ba  tasted  In  tha  region  of  anoaaly  b. 
Tha  a^litudas  and  wavelengths  of  tha  aagnati  tat  ions  are  slallar  hare  but  they  are  net 
in  phase  batwaan  tha  two  profiles. 


TABU  4 

Magnat 1  tat  ion  transition  widths 


10-1 

anoaaly 

10 

yosaig  side 

S.l 

ka 

10-2 

anoaaly 

10 

old  side 

1.3S 

ka 

anoaaly 

10 

older  center 

3.0 

ka 

anoaaly 

10 

younger  center 

4.0 

ka 

anoaaly 

10 

yotaig  side 

1.6 

ka 

COMCUISIONS 

prrp  aagnatoavtar  profiles  taken  over  anoaalles  10  and  9  froa  different  locations 
in  the  northeast  Pacific  show  aany  siallarities  In  fora.  These  Include; 

1.  Siailar  spectral  contents. 

;.  Visual  coherence  of  ancaaly  features  down  to  near  4  ka  wavelength  (10  year 
period) . 

5.  Abrupt  transition  edges  to  anoaaly  10  and  diffusa  edges  for  anoaaly  9. 

4.  Crustal  aagnet i tat  ton  solutions  which  show  that  anoaalles  of  wavelengths 
greater  than  a  few  kilonrters  are  not  topographically  produced. 

5.  For  the  anoaaly  10  profiles  In  the  Gulf  of  Alaska,  coherence  calculations 
suggest  that  a  low  noise  linear  Systee  ealsts  between  the  earth's  field  and 
crustal  aagnatltatlon  only  for  periods  greater  than  10  years  or 
wavelengths  larger  than  4  ka. 
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Correlation  bttwton  ■agnetitatlon  aolutlona  botooen  profiltt  cannot  jrot  bo 
■oanlnf fully  toitoJ.  The  aua  result  of  this  aniljrsls  deaonstrttet  that  a  sl|nficant 
portion  of  the  secular  variation  spectna  Is  recorded  in  the  ocean  crust  during  sea 
floor  spresding  and  that  It  is  recorded  ulch  a  fair  degree  of  fidelity. 
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